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(54) Phase detector with no dead zone 

(57) A phase locked loop circuit includes a 
phase/frequency detector which uses a divider circuit 
and feedback from a clock distribution tree to generate 
INC and DEC pulses which have no "dead zone". A pair 
of charge pumps receives the INC and DEC pulses. One 
charge pump is a differential pump and has voltage con- 
trolled common mode feedback circuit to maintain a 
common mode controlled voltage. A differential current 
is outputted to a loop filter capacitor by this charge pump. 
The other charge pump is a single-ended output pump 
which supplies current to a current controlled oscillator 
which also receives input from a voltage to current con- 
verter. The current controlled oscillator includes a varia- 
ble resistance load which varies inversely with the mag- 
nitude of the input current. A jitter control circuit is pro- 
vided which reduces jitter In the current controlled oscil- 
lator output in the locked phase. Also, a lock indicator is 
provided which is time independent, and provides a lock 
indication when the loop enters the locked condition. The 
circuits for these components are described in detail. 




CM 
< 

o 

O 
Q. 



Printed by Jouve (FR), 16. rue Saint-Denis. 75001 PARIS 



BNSDOCID: <EP ^0704e77A2J^> 



1 



EP 0 704 977 A2 



2 



Description 

In the design and manufacture of ASIC (Application 
specific integrated circuit) chips and microprocessor 
chips it is conventional practice to provide the chip de- s 
signer with a library of conventional circuits from which 
to chose and generate his/her design. The chip designer 
chooses from this library the necessary circuits and con- 
nects them to torm the desired chip configuration. In the 
case of microprocessors the designs and parameters of io 
the library circuits are fixed thus imposing certain con- 
straints on the chip designer. In the case of ASIC chips 
not only are the designs fixed but also the rules of wiring 
are fixed thus imposing additional constraints. Thus the 
designer is constrained by the circuit design and in the 
case of ASIC chips the rules in using the various circuits. 

One of the library circuits which can be used by a 
chip designer is a phase locked loop circuit. Phase 
locked loops (PLLs) are widely used in many different 
applications. They are used to perform two or three di(- 20 
ferent functions. A principal function is to lock or align the 
output ctock of a circuit with the clock Input. Another func- 
tion is to multiply (i.e. increase) or divide (Le. decrease) 
the output frequency of a circuit with respect to the input 
frequency. Another function 0I a phase locked loop is to 2S 
provide clock recovery, i.e. to attenuate the Input jitter 
associated with input signals and recover clocic from jit- 
tery input data 

In providing a phase locked loop circuit, as with other 
circuits, it is desirable to provide a circuit that is versatile, 30 
i.e. one that can be used In a wide variety of applications 
and environments. Specifically, one challenge is to pro- 
vide a phase locked loop, which is an analog circuit, 
which can be used in digital CMOS technology In which 
a good deal of substrate noise is generated, it is also 35 
desirable to provide a PLL that Is operational over a 
broad frequency range. Moreover it Is necessary In the 
design of ASIC chips to compensate for delays induced 
in clock distribution trees as well as any delays that might 
be induced by dividers in the feedback portion of the cir- 40 
cult when frequency is being multiplied, which often oc- 
curs when the signal is being received from a relatively 
low frequency source, such as a card, and is being mul- 
tiplied for use on a chip. 

It is also desirable to reduce jitter in both the high 45 
frequency range as well as in the lower frequency rang- 
es. To further complicate matters, a recent design prob- 
lem that has emerged is that associated with reduced 
power supply voltages at which the chips operate, these 
being as low as 5, or 3, or even as low as 2 volts. At these so 
low power supply voltages conventional charge pumps 
in many cases are not adequate to maintain the loop in 
locked condition. Moreover, overriding all of these con- 
straints and conditions is the need to use as little "real 
estate" i.e. surface area of the chip as possible for the ss 
circuit, which has been and continues to be a major con- 
sideration in the design of PLLs as well as other circuits. 
IHence it Is a object of the present invention to pro- 



vide a PLL suitable for use in microprocessor chips as 
well as ASIC chips that is versatile, has essentially zero 
feed-back delay is quite insensitive to substrate and 
power supply noise, is conservative of real estate, and 
can operate over a wide range of frequencies. 

According to the present invention, a phase/fre- 
quency detector specifically adapted for use in a phase 
locked loop circuit as provided. The phase/frequency de- 
tector receives an input reference clock signal reading 
the frequency which is the locking frequency. In one em- 
bodiment, the phase/frequency detector receives two 
other input signals which are combined, one of these oth- 
er input signals is from the clock distribution tree and has 
a frequency substantially greater than the frequency of 
the input reference clock. The other of these input signals 
is from the current controlled oscillator and is reduced to 
a frequency substantially corresponding to that of the fre- 
quency of the input signal. The inputs from the clock dis- 
tribution tree and the current controlled oscillator are 
combined in such a way that the composite signal there- 
from is play frequency correspondence to the frequency 
of the input clock, thus albwing the phase to be deter- 
mined and output increment and decrement pulses pro- 
vided to a charge pump. With this arrangement, the 
phase of the pulse from the output clock tree which 
needs to be controlled is utilized even when it is at a high- 
er frequency than the reference clock signal and in the 
preferred embodiment, a frequency divider is interposed 
between the output of the current controlled oscillator 
and the phase/frequency detector to combine with the 
signal from the clock distribution tree to provide a result 
signal which has the frequency of the reference clock sig- 
nal. 

In another embodiment of the phase/frequency de- 
tector, a delay circuit is provided which imposes a width 
component to each of the increment and decrement 
pulses which is equal in both and fixed and generated 
irrespective of the phase difference of the reference sig- 
nal and the output signals being detected. This prevents 
a dead zone and, even with very small differences in the 
width of the increment and decrement pulses which nor- 
mally would result in a dead zone, there is a fixed incre- 
ment to both the input and the increment and decrement 
pulses which allows the system to operate even with the 
very small width of increment and decrement pulses. 

Figure 1 is a high level block diagram of the 
improved phase locked loop circuit; 

Figure 2 is a circuit diagram of the initialization cir- 
cuit; 

Figure 3 is a graphical representation of the masking 
function of the feedback frequency divider with 
respect to the feedback signal from the clock distri- 
bution tree; 

Figure 4 Is a circuit diagram of the circuitry of the 
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phase/frequency detector; 

Figure 5 is a graphical representation of INC and 
DEC pulses outputted fronrt a conventional 
phase/frequency detector with a "dead zone"; 5 

Figures is a graphical representation of the I NO and 
DEC pulses outputted by the phase/frequency 
detector of this PLL without a "dead zone"; 

10 

Figure 7 is a portion of circuit similar to Figure 5 in 
which a divided input is utilized; 

Figure 8 is a graphical representation of the variation 
of jitter gain with respect to frequency without the ^5 
jitter control circuit; 

Figure 9 is a circuit diagram of the jitter control circuit 
of the PLL; 

20 

Figure 1 0 is a graphical representation of the reduc- 
tion in output noise when the jitter control of this 
invention is employed; 

Figure 11 is an enlarged showing of a portion of the 2S 
graph of Figure 9; 

Figure 12 is a graphical representation of the PLL 
jitter gain as a function of frequency when using the 
jitter control device and methods of this invention; so 

Figure 1 3 is a high level diagram of the charge pump 
configuration; 

Figure 1 3A is a circuit diagram of the main switch of 3S 
the differential charge pumps of the PLL circuit; 

Figure 14 is a circuit diagram of the common noode 
circuit of the charge pump of Figure 12; 

40 

Figure 15 is a circuit diagram of the single ended 
output charge pump of the PLL circuit; 

Figure 1 6 is a high level block diagram of the current 
controlled oscillator of the PLL circuit; 4S 

Figure 17 is a circuit diagram showing the compo- 
nents of the current controlled oscillator; 

Figure 1 8 is a circuit diagram of the lock indicator of so 
the PLL circuit; and 

Figure 1 9 is a diagram showing one of the divider 
circuits used in the lock indicator of Figure 17. 

ss 

Phase Locked Loop Circuit 

Referring now to the drawings, and for the present 



to Figure 1 , a block diagram of a phase locked loop (PLL) 
circuit according to this invention is shown. Various of 
the components and subcircuits of the components will 
be described in detail presently. 

The circuit includes a phase/frequency detector 10 
which receives a reference clock input and compares the 
reference clock input frequency with an output clock sig- 
nal. The phase/frequency detector 10 also receives as 
input an output strobe pulse of a feedback divider/pulse 
generator 12 which provides for frequency multiplication 
in a well-known manner. 

The strobe pulse is used within the phase/ frequency 
divider 1 0 to mask the output clock (in a manner to be 
described) to accomplish frequency division without de- 
lay associated with the feed back divider 1 2 since the 
phase/frequency detector is comparing a masked feed- 
back signal directly from the clock output and not from 
the feedback divider/pulse generator 12. Generally, the 
feedback from the clock is used to align the frequency 
and the feedback from the feedback divider Is used to 
align the frequency, as will be described presently. The 
phase/frequency detector 1 0 will output increment (INC) 
and decrement (DEC) pulses to charge pumps 14 and 
16. 

The phase/frequency detector 10 is a rising edge de- 
tector. It compares the rising edge of the clock reference 
signal and rising edge of PLL output clock. Figure 5 
(which will be described in more detail later) shows the 
creation of the INC and DEC outputs of typical prior art 
phase/frequency detectors with a "dead zone". When 
output clock phase falls behind or lags the reference 
clock phase, increment (INC) pulses are generated. The 
width of this pulse t1 is equal to the timing difference be- 
tween the rising edges of the reference clock and output 
clock. When output clock phase is ahead of or leads the 
reference clock phase decrement (DEC) pulses are gen- 
erated. The width of this DEC t2 pulse equals the timing 
difference between the rising edges of the output clock 
and reference clocks. Due to the speed limitations of the 
phaseArequency detector circuits, no INC or DEC sig- 
nals will be generated when reference clock and output 
clock phases reach a certain stated value A. If this value 
A is around zero, the detector phase crossing is known 
as "dead zone" because the detector is functionally 
"dead" in this region. 

This will cause PLL extra static phase error. In order 
to build a phase/frequency detector without the "dead 
zone", extra delay is added in the detector state ma- 
chine. The structure of which will be described in con- 
junction with Fig. 3 later. Figure 6 shows the timing dia- 
gram of phase/frequency detector 10 without a "dead 
zone" as in this circuit. When output clock falls behind 
(lags) the reference clock in phase, the 1 NC pulse is gen- 
erated. The width of this INC pulse consists of two por- 
tions, t1 and t3. t1 is equal to the timing difference of ris- 
ing edges of reference clock and output clock. t3 is pro- 
duced by the extra delay in the phase detector state ma- 
chine. DEC pulses are created too, and their width is 
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equal tot3. As will be described presently, charge pumps 
will generate current pulses equal in width to INC and 
DEC pulses. Because INC will add charge to fitter 16 and 
DEC will subtract charge from the fitter IB, t3 portion of 
INC and DEC charges will cancel each other at the loop 
filter 18. The net charge to the filter will be proportional 
toti only. 

Charge pump 14 outputs a current signal to differ- 
ential loop filter 18, which is comprised of a pair of ca- 
pacitors, and which pump 14 will either increase or de- 
crease the charge on the loop filter capacitors 18 de- 
pending upon whether the signal is to increment or dec- 
rement the frequency. The increment/decrement signal 
is also supplied to the second charge pump 16 which 
converts the increment/decrement signal to a current 
output which is fed tonward to a differential current con- 
trolled oscillator 20 which changes Its output frequency 
in response to change in input current. The use of charge 
pump 1 6 which supplies current to the oscillator 20 elim- 
inates the need for a resistor coupled to the capacitor of 
the filter IB. In effect, this performs the differentiation 
function normally accomplished by such a resistor, as will 
be described presently in conjunction with the current 
controlled oscillator 20. (A more detailed description of 
the circuitry of the phase/ frequency detector 1 0 and the 
charge pumps 14,16 and the current controlled oscillator 
20 will be described presently.) Thus, rf the output clock 
is earlier in phase than the reference clock, the 
phase/frequency detector 10 generates a decrement 
pulse, and the charge pumps 14, 16 convert this logic 
signal to current pulses. The pulse from charge pump 14 
decreases the voltage across loop filter capacitors 18. 
Conversely, rf the output clock signal is later in phase 
than the reference clock, the phase/frequency detector 
10 generates an increment pulse that the charge pump 
1 4 uses to increase the voltage across the loop filter ca- 
pacitor 1 8. The loop filter capacitor 1 8 converts the cur- 
rent from the first charge pump 1 4 to voltage. In essence, 
the loop filter capacitor IB and the charge pump 16 
smooth the pulses from pulse generator in order to pro- 
vide smooth DC voltage to voltage to current converter 
22. 

The zero needed for loop stability is created by the 
charge pump 16 which injects current directly into the 
oscillator 20 after the required gain is applied to the out- 
put of the phase/frequency detector 10. 

The action of the charge pump in creating the zero 
can best be explained by examining the prior art wherein 
the filer is comprised of a resistor R in series with a ca- 
pacitor C. The filter is fed by a charge pump which puts 
out current pulses i(co), where <o is equal to 27tf, and 
where f is the frequency. The voltage across the filter v 
(o>) is then fed into the voltage-to-current converter which 
has a gain of g. The output of the voltage-to-current con- 
verter ii is led into the current controlled oscillator. 
v(o>) is defined by the equation: 

v(o))=i((o)xR + -!M (1) 



and i^ is defined by the equation: 
i^ =gxv((o) = gxRxi((o) + gx;ii~i; (2) 

It can be seen then that the first term in the above 
equation, Le.. g x R x i(to) = i^, is really the current i(a)) 
multiplied by a gain factor g x R. while the second term 
represents the integral of the injected charge. The cur- 
rent fed into the oscillator Is thus the sum of two compo- 
nents. 

^0 In the present implementation, the total injected cur- 
rent is created by summing the two terms in the above 
equation. Charge pump 16 creates the first term i^, by 
applying the correct gain to the current, while charge 
pump 14 implements the capacitive integration through 

^5 the filter and the voltage-to-current converter. The two 
components of the total current are then summed at the 
current controlled oscillator input. The key benefits of this 
resistorless implementation are that, no resistor is need- 
ed in the loop filter, thus saving space and cost; and also. 

20 it is easy to change the gain g x R to accomnrradate a 
wide range of input and output clock operating frequen- 
cies. 

The output voltage from the loop filter capacitor 16 
is supplied as input to the voltage to current converter 

25 22 of conventional design wherein the voltage is convert- 
ed to current as an output in a well-known manner. The 
output current from the voltage to current converter 22 
is supplied to the differential current controlled oscillator 
20 along with the output from the charge pump 1 6. These 

30 two inputs are summed by the current controlled oscilla- 
tor 20 to provide a differential output, the frequency of 
which depends upon the value of the current outputs of 
voltage to current converter 22 and the second charge 
pump 16. 

35 The differential voltage output of the differential cur- 
rent controlled oscillator 20 is supplied to a differential to 
CMOS converter 24 of conventional design which con- 
verts the differential voltage output of this oscillator 20 to 
a single ended output of the desired frequency. The out- 

"fo put of the differential to CMOS converter 24 is supplied 
to a forward frequency divider and buffer 26, of conven- 
tional design, which provides a signal having the desired 
multiple of the input clock frequency as input to a clock 
distribution tree 30. 

45 The clock distribution tree 30 is a series of clock cir- 
cuits designed and utilized by the chip designer to per- 
form various clocking functions that are required. In the 
case of ASIC chips there may be several chips used 
each of which requires the same clock timing signals. 

50 Since processing variables may tend to introduce differ- 
ent delays from chip to chip in the cbck distribution tree, 
the output from the clock distribution tree rather than the 
output from fonvard divider and buffer 26 is used as the 
input to the phase/frequency detector 1 0 so as to provide 

55 the proper phase alignment in all of the chips running 
from the same clock irrespective of different delays in 
different chips. The output from the clock distributbn tree 
is also used as input to feedback divider and buffer 1 2, 
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of conventional design, which acts as a frequency mul- 
tiplier for the output from the phase/frequency detector 

In order to control the frequency multiplication ratio 
as well as control the gain of the chargie pump 1 6 a con- 5 
trol circuit 36 is provided which provides signals to a de- 
coder 36. The decoder 38 in a well known manner pro- 
vides signals to charge pump 1 6 and dividers 26, and 1 2 
to set the frequency multiplication ratios of the circuit. 

A jitter control circuit 42 is also provided, which will 
be described in detail presently, and which receives as 
input the output signal from the phase/frequency detec- 
tor 10 and controls outputs to the charge pumps 14,16 
to reduce jitter in a manner which will be described pres- 
ently. (As shown In Figure 1 , the jitter control circuit 42 
is connected to the phase/frequency detector 10. How- 
ever, it can be connected to and actuated by a lock indi- 
cator 44 as will be described presently.) The lock indica- 
tor 44 receives input from the phase/frequency detector 
1 0 and the clock reference signal and outputs a "locked" 
signal. Finally an initialization circuit 46 is provided which 
will initialize the circuit in a stable range for proper phase 
locking by supplying a proper charge to the loop filter ca- 
pacitor 1 8 in a well-known manner 

Electrical inputs are provided to the various circuits, 
which are well known in the art and not shown in Fig. 1 . 
Certain of these will be referred to in describing the cir- 
cuits of various components. 

Initialization 

Referring now to Figure 2, at power up. inputs INIT 
and INITN are forced high and low, respectively, by a 
latch that is set when power Is applied. These turn on 
FET devices 84 and 86 to pull FILTN high and FILT low, 
forcing the ICO to its lowest operating frequency. INIT 
high also activates FETs 62-80, which sense the 
FILT/FILTN voltages and hold CLR low until FILT is near 
ground and FILTN is near power supply voltage. CLR 
then rises, resetting the latch in INITA and turning off the 
initialization devices. FETs 82 and 68 are permanently 
off, but match the capacitance added to FILT and FILTN 
by FETs 84 and 66. Such Initialization circuits are well 
known in the art. 

Phase/frequency detector and divider 

The phase/irequency detector 1 0 is configured to re- 
ceive output signal from the clock tree 30 and also from 
the feedback divider 1 2 and using these signals detect 
the phase difference with respect to the reference clock, 
and output the necessary increment and decrement sig- 
nals. Both signals (clock tree 30 output and feedback di- 
vider 1 2 output) are used since the output frequency is 
a multiple of the input frequency, and the feedback divid- 
er, while outputting a signal matching the frequency of 
the input signal introduces a delay; hence, the phase of 
the output of the feedback divider 12 lags the phase of 



the output signal from the clock tree 30. The phase/fre- 
quency detector 10 includes circuitry, which will be de- 
scribed presently, which masks the output signals from 
the clock tree so as to have unmasked rising or falling 
edges of this pulse match the frequency of the rising or 
falling edges of reference clock input. The waveform il- 
lustrating this function Is shown in Fig. 3. 

As can be seen in Fig. 3 pulse signal A represents 
the output signal from the clock tree 30 whose frequency 
is a given multiple of the frequency of tiie reference clock. 
In this Illustrated example this is three times the frequen- 
cy of reference clock frequency. The feedback divider 12 
in a well known manner outputs the pulse signal shown 
as B. Essentially each of the pulses of signal B extend 
for three pulses of Signal A. Also, Signal B is lagging the 
Signal A which is a result of the delay induced by the 
feedback divider 12. In the present embodiment, the ris- 
ing edge of the Signal A is used for phase alignment. The 
result of masking of Signal A Is shown as Signal C. Signal 
B is used to mask Signal A in the following way. When 
Signal B is high, it does not mask the Signal A, so the 
rising edge X1 of Signal A is the resultant output as rising 
edge X1' of signal C. However, when Signal B is low, it 
masks Signal A so that the rising edges of Signal A, and 
thus rising edges X2 and X3, are masked and do not ap- 
pear as outputs. When Signal B again goes high, it does 
not mask rising edge X4 of signal A and this appears on 
output Signal G as output X4'. Rising edges X5 and X6 
of Signal A are masked, and rising edge X7 is not 
masked and appears as X7' on Signal C. Thus, output 
Signal C has pulses at one third the frequency of Signal 
A which is the feedback signal from the clock tree 30. 
These pulses are matched to the frequency of the refer- 
ence clock without the induced delay of signal B from the 
feedback divider 1 2. The signal C is inverted to form sig- 
nal C, which is used as a falling edge input to the core 
state machine of a phase/detector; the core state ma- 
chine is a falling edge detector. The circuitry for the 
phase/frequency detector 10, which includes generating 
Signal C from Signals A and B is shown in Fig, 4. 

Referring now to Fig. 4, the two Input signals A and 
Bare inputted to NAN D gate 110, and the gate llOout- 
puts Signal C. The reference clock signal, denoted as 
F. is inputted to NAND gate 111 . The output of gate 110 
is the signal whose phase is to be compared with the 
phase of the signal from gate 111. The remainder of the 
circuitry performs this phase comparison in manner 
which is generally well known. The output from the gate 
110 is supplied as one input to NAND gate 112 and also 
as one input to NAND gate 114. The output from gate 
1 1 4 is inputted to NAND gate 1 1 6 which outputs a signal 
to inverters 1 1 8 and 1 20. Gate 1 1 6 and inverters 1 1 8 and 
120 act as a delay circuit 121 the function and purpose 
of which will be described presently. The output from in- 
verter 120 is inputted to NAND gate 122 as well as to 
gate 1 1 2, and also to NAND gates 1 24 and 1 26. The out- 
put from gate 114 is one also one input to gate 124 the 
output of which is one Input to gate 114. The output from 
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gate 1 26 is one input to NAND gate 1 28 the other input 
of which is from gate 111. 

The output ol gate 122 is inputted into inverter 132 
which generates an increment (INC) signal and the out- 
put of the inverter 132 is inputted to Inverter 134 which 
generates an inverted incrennent signal referred as to the 
increment not signal (INCN). Similarly the output of gate 
112 is inputted into inverter 136 which outputs a decre- 
ment signal (DEC) and the output of inverter 1 36 is also 
inputted into inverter 13B whbh inverts the decrement 
signal referred to the decrement not (DECN) signal. It is 
the INC and DEC signals that are uses to actuate the 
charge pumps 14 and 16. Since the charge pumps are 
differential the "NOT" signals are also necessary as is 
well known for differential circuits. It is the duration of the 
INC or DEC pulses that control the time the charge 
pumps 14, 16 output current. 

As indicated earlier the phase/frequency detector 1 0 
includes delay circuit 121 . The purpose of this circuit Is 
to introduce a delay of fixed value, depending upon the 
delay value of the inverters 11 B and 1 20. This is to elim- 
inate the so called "dead zone", which is a condition 
wherein the pulse width of the INC or DEC pulses is such 
that detectors cannot react to the signal phase differenc- 
es due to circuit speed limitation. The delay introduces 
a given fixed pulse width component to every increment 
pulse and every decrement pulse. This is demonstrated 
in Figs. 5 and 6. Fig. 5 is a diagram of a conventional 
signal output without delay introduced, and Fig, 6 is a 
diagram of the signal output with the delay according to 
the invention. 

To review the explanation of Fig ures 4 and 5 above . 
in Fig. 5, the input reference signal is shown as Signal 
F, and the output signal from the phase/frequency detec> 
tor 10 is shown as Signal C. As can be seen in Fig. 6, 
when the pulse Signal C is lagging the reference pulse 
signal F by an amount tl an increment (INC) pulse is gen- 
erated, the width of which corresponds to the time that 
Signal C lags Signal F When Signal F lags Signal C, a 
decrement (DEC) pulse Is generated, the width of t2 
which corresponds to the time that Signal F lags Signal 
C. When the width of these DEC or INC pulses Is small, 
this corresponds to the dead zone where the system is 
not fast enough to respond. 

The pulse signals generated by this circuit with the 
delay are shown in Fig. 6. When the pulse C lags pulse 
F, an increment (INC) pulse of a width of ti +t3 is gener- 
ated wherein t3 corresponds to the delay induced by de- 
lay circuit 121 , and tl corresponds to the amount of lag. 
A decrement (DEC) pulse of a width equal to t3 is also 
generated. Hence when these two pulses INC and DEC 
are supplied to the charge pumps 1 4 and 16 the 13 com- 
ponents of each of the signals cancel each other and the 
result is an increment of charge proportional to tl being 
supplied from the charge pumps 1 4 and 1 6 to the capac- 
itor 18 and oscillator 20 respectively. This is accom- 
plished, however, by generation of INC and DEC pulses 
of width that the system can handle, but each of which 



have components that cancel each other. Similarly, If 
pulse F lags pulse C, a decrement (DEC) pulse of a width 
t2 and t3 is generated and an increment (INC) pulse of 
width t3 is generated. The t3 values of each cancel out 

5 when supplied to the charge pumps 14 and 16. Thus, 
even small INC or DEC pulses are effectively created 
without a dead zone. 

Also, if a divider is used as an input signal and the 
phase/frequency divider 10, a dual input to NAND gate 

10 111 similarto the input to gate 110 can be utilized to elim- 
inate and delay caused by the divider to the input using 
the individual original signal as input as well as the divide 
signal. This is shown in Fig. 7 which shows an input di- 
vider 142 supplying a Signal G as well as a reference 

IS clock input H and gate ill. The output of gate 111 will 
then be similar to that of gate 110. 

Jitter Control 

20 One of the characteristics of the environment in 
which the phase lock topp operates is known as jitter 
which is a result of slight inherent variations in the fre- 
quency of the input clock pulses. This results in a noise 
condition which if not corrected or compensated for 

25 shows up on the output signal from the current controlled 
oscillator 20, especially in the lower frequency ranges. 
Fig. 8 shows a plot of a typical PLL noise gain (output 
noise divided by input noise) as a function of noise fre- 
quency At low frequencies this gain is unity, and thus all 

30 input jitter is fed through the PLL as output noise. The 
frequency at which the gain starts declining can be ad- 
justed somewhat, e.g.. between F1 and F2 by controlling 
values of various components, but even so the low fre- 
quencies will still be throughput as unity. The jitter control 

35 circuit 42 reduces the output jitter or noise, even at low 
frequencies, when the PLL is in the locked or operating 
condition. 

The jitter control circuit operates on the principle that 
during the locking phase of the PLL, i.e. when the circuit 
40 is not locked but is generating incrementing and decre- 
menting pulses, a relatively large current is supplied from 
the reference current generator in order to allow the PLL 
to become locked; but when the PLL is In the locked con- 
dition a much smaller average current is supplied in order 
45 to maintain the PLL in the locked condition. The amount 
of jitter on the output depends upon the output current ot 
the charge pumps 14, 16, and this reduction in current 
supplied to the charge pump will result in a reduction of 
the charge pump output, which in tum reduces the output 
50 noise due to jitter. 

The circuit for controlling the current to the charge 
pumps is shown in Fig. 9. This circuit utilizes four current 
inputs from current generator 149 designated as 11, 12, 
13, and 14. Current II is supplied directly to charge pump 
SB 14 and current 13 is supplied directly to charge pump 1 6. 
Current 12 is supplied through Field Effect Transistor 
(FET) 150 to charge pump 14, and current 14 is supplied 
through FET 152 to charge pump 16. Thus if FETs 150 
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and 152 are turned on the total current supplied to charge 
pump 1 4 will be II plus 12 and the total current supplied 
to charge pump 16 will be 13 plus 14. Conversely, If FETs 
150. and 152 are turned ofl the current supplied to 
charge pump 14 will be II and the current supplied to s 
charge pump 16 will be 13. Hence during the locking 
phase of the PLL when it is adjusting the frequency to 
arrive at the locked condition the FETs 150, and 152 are 
turned on, but when the PLL reaches the locked or op- 
erating condition the FETs 150, and 152 are turned off io 
thus reducing the current supplied to the charge pumps 
14,and 16. This reduced current results in a reduction of 
the noise In the output signal. 

This reduction in noise is shown in Fig. 10. The left 
hand side of the plot designated as region A shows the f5 
noise frequency variation on the output signal as it goes 
from the locking condition to the locked condition at a 
given clock input frequency. (The Input includes a fixed 
frequency jitter.) In this region A all four currents 

11 ,l2,l3,and 14 are applied to the charge pumps 14, and 20 
16. 

The next region, designated as region B shows the 
noise on the output signal when the PLL has reached the 
locked condition at the same given frequency and input 
jitter. In this region B only currents II and 13 are supplied 2S 
to the charge pumps 14, and 16. Fig. 11 shows on an 
enlarged scale portions of region A and region B. show- 
ing the dramatic decrease in noise in the output signal. 

Still referring to Fig. 10, the next region, region C 
shows the noise in the output signal when the frequency 30 
of the reference clock is changed thus changing the out- 
put frequency. During this change the PLL entered the 
locking mode and thus all four currents 11,12. 13, and 14 
were applied to the charge pumps 14, and 16 and thus 
there is high noise level. 

Once the PLL moves into the locked condition for 
this newf requency as shown in region D the current from 

12 and 14 is removed by turning oft the FETs 1 50 and 1 52 
leaving only the current from II and 13 thus reducing the 
noise in the output signal at this new input frequency. 40 

The jitter gain reduction shown in Fig. 1 2 will depend 
on the reduction of the charge pump output; thus a great- 
er reduction in current to the charge pump will lead to 
less output noise. However, it is not desirable to reduce 
the charge pump output to very small values due to sta- 
bllity concerns; the degree of reduction is thus a system 
design parameter. A reduction to a value of X of about .6 
is readily obtained, and by optimizing circuit parameters, 
a reduction in the value of X to about .25 can be 
achieved. 

As illustrated in Figure 9, the FETs 150 and 152 are 
tumed on and oft responsive to the output signal from 
the lock indicator 44. This signal is applied to FETs 1 54. 
156, 158, and 160. FETs 154 and 156 are PFETs and 
FETs 1 58 and 160 are NFETs. When the signal from the ss 
lock indicator indicates the PLL is in the unlocked condi- 
tion the FETs 154. 156, 158. and 160 will turn on the FETs 
150 and 152 thus supplying currents II, 12. 13. and 14. 



When the signal from the lock indicator indicates a 
locked or operating condition the FETs 154. 156. 158, 
and 1 60 will turn off the FETS 1 50 and 1 52. Alternatively, 
the signal from the phase/frequency detector 10 could 
be used in conjunction with required circuitry to turn the 
FETs 150, and 152 on and off as shown in Figure 1. 

CHARGE PUMPS 

As indicated above the charge pumps 1 4 and 16 are 
used to control the loop filter capacitor 1 8 and the current 
controlled oscillator 20 respectively. The circuitry of the 
two pumps 14, 16 is different since the pump 14 is a dif- 
ferential output pump, and the pump 1 6 is a single-ended 
output pump. The charge pump circuitry translates digital 
correction pulses from the phase/frequency detector 10 
into an analog control voltage and current to drive the 
current controlled oscillator 20. In terms of sers/o theory, 
It provides a "proportional plus integral" control function 
to minimize error while keeping the overall feedback loop 
stable. As can be seen in Fig. 13, correction signals ar- 
rive from the phase/frequency detector on inputs INC, 
INCN, DEC, and DECN. Fixed reference currents enter 
the circuit on lines 10, 11 , 12 and 13. IPBI AS uses two of 
these currents to generate bias voltages for the two cur- 
rent switches, IPSWO and IPSWM. Block IPSWD, as 
commanded by the correction signals, injects pulses of 
current into a current-sensitive node of the oscillator 20 
to provide the "proportional" portion of the feedback. 
Block IPSWM pulls current pulses from one or the other 
of the filter capacitors attached to FILT and FtLTN; this 
is integrated by the capacitors into a differential voltage 
that represents the "integral" portion of the feedback 
Block IPCf^ monitors the voltages in FILT and FILTN, 
and sources equal currents onto both nodes as required 
to hold their common-mode voltage constant. The cir- 
cuitry for the pump 14 Is shown in Figs. 1 3A and 14. 

Referring now to Fig. 13A, FETs 202, 204, 206 and 
208 are connected as shown therein to gate the decre- 
ment (DEC) and decrement not (DECN) pulses, and 
FETs 210. 212, 214, and 216 connected to gate the in- 
crement (INC) and increment not (INCN) pulses from 
phase/frequency detector 1 0. FETs 204 and 208 are con- 
nected to ground through FET 218; and FETs 212 and 
216 are connected to ground through FET 220. Bias 1 
establishes voltage for FETS 202, 206, 210.21 4. These 
devices constitute the cascode circuit to increase the 
output impedance of the charge pump. A second voltage 
bias, bias 2 establishes currents in the current sources 
in FETS 21B and 220. - 

The differential chargepump switch as shown in Fig. 
13A pulls controlled pulses of current out of FILT or 
FILTN as commanded by the INC and DEC signals. Cur- 
rent sources FET 218 and FET 220 produce constant 
currents that are directed by differential switches FETs 
204, 208, 212, and 216 to either the positive supply or 
the FILT/FILTN nodes. Cascode devices FETs 202, 206. 
210, 21 4 increase the output impedance of the pump out- 
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puts and reduce switching noise. 

An INC pulse turns on FET 212 and turns of FET 
216. pulling current frorr) FILTN and increasing the dit- 
ferentlal filter voltage. A DEC pulse turns on FET 204 
and turns of FET 20B, pulling current from FILT and re- 
ducing the differential filter voltage. 

When the DEC signal is high and the DECN signal 
is low from the detector 1 0 FET 204 is on and FET 208 
is off and they will remain so as long as the DEC pulse 
is high. This will allow current from FET 218 to flow to 
the loop filler capacitor 1 8 to remove charge from the 
capacitor connected to node FILT Conversely, when the 
INC signal is high and INCN signal is low, these will turn 
on FET 212 and turn off FET 216 which will supply cur- 
rent to the loop filter capacitor connected to node FILTN. 
The common mode circuit, shown in Fig. 14, maintains 
the common mode voltage on FILT and FILTN at about 
one-half the power supply voltage, and Increases the 
range of operations of the pump 14. This common mode 
circuitry attaches to the outputs FILT and FILTN of the 
charge pump circuitry of Fig. 1 3 A. Biasing voltage is pro- 
vided for cascoded current mirrors. II and 10 provide bi- 
asing currents for cascoded PFET current mirrors. The 
use of this common mode circuit of Fig. 1 4 eliminates the 
need for clamping diodes on the output FILT and FILTN 
lines from the charge pump outputs shown in Fig. 1 3 and 
extends the linear range of the charge pump 14. 

The common-mode feedback circuit as shown in 
Fig. 14 works to hold the common-mode voltage at the 
filter nodes constant. A reference current applied at input 
II flows through NFETs F12, F15and F19, establishing 
a bias voltage on the gates of FETs F15-F17 such that 
FETs F19, F20, F23 and F24 are held in the linear oper- 
ating region. Because of device matching, the current In 
FETs 13, 16, and 16 is equal to the II current An equal 
reference current in lO generates a bias voltage for cas- 
code FETSF12. F13andF14 

FETS F23 and F24 sense the voltage at nodes FILT 
and FILTN. These devices are sized so that the total cur- 
rent they pass will be equal to the cun-ent in FET F20 
when the common-mode voltage is at the desired set 
point. The current from FET F23 and FET F24 is mirrored 
by PFETs F1 , F2, F6 and F7. As the common-mode volt- 
age decreases due to current being pulled from FILT or 
FILTN by the main charge pump, the current in FET F6 
will decrease. Since the current in FET F1 3 remains con- 
stant, the voltage at the node between FET F6 and FET 
F13 decreases, turning on matched cascoded current 
sources FETS F4 and F9; and F5 and FIG. These teed 
equal currents into FILT and FILTN, increasing the com- 
mon-mode voltage without affecting the differential volt- 
age. A secondary feedback path, FETS F3, FS, F22 and 
F21, reduces the toop gain to stabilize the circuit Current 
from lO is forced through transistors F11 and FIB which 
act to establish a voltage bias for FETs F1 2, F 1 3 and F1 4. 

Charge pump 16 supplies single ended output cur- 
rent to current controlled oscillator 20 responsive to dif- 
ferential pulses from phase/frequency detector 10. The 



circuitry for charge pump 16 is shown in Fig. 15. As can 
be seen In this Figure the differential input 16 is similar 
in structure to that of the charge pump 14. and Includes 
FETS 230. 232, 234, and 236 configured to receive the 

5 INC and INCN signals and FETs 23B, 240, 242, and 244 
to receive the DEC and DECN signals from the 
phase/frequency detector 1 0. FETs 246 and 248 connect 
FETs 232 and 236 to ground and FETs 250 and 252 con- 
nect FETs 240 and 244 to ground. FETs 260 and 262 act 

10 as a first current mirror FETs 264 and 266 act as a sec- 
ond current mirror and FETs 268 and 270 act as a third 
current mirror. FETs 272, 274, 276 and 278 connect FETs 
230,234. 238 and 242 to ground. FETs 280 and 282 are 
used to add charge at output lO which is the output cur- 

15 rent connected to current controlled oscillator 20, and 
FETs 284,286 288 and 290 are used to reduce charge 
at output lO. Pulses on INC and INCN line from the 
phase/frequency detector 10 will turn on FET 232, and 
turn off FET 236, which will turn on FETs 280 and 282 

20 which will cause current to flow to lO f or a period of time 
corresponding to the width of the pulse thus adding cur- 
rent to the oscillator 20. Conversely, with a pulse on the 
DEC and DECN lines, FET 240 is turned on, and FET 
244 is turned off, which turns on FETs 284, 286, 288, and 

25 290 which connects lO to ground and thus there is a sub- 
tractive current to the current controlled oscillator 20 for 
a period of time corresponding to the width of the DEC 
pulse. 

To recapitulate, the single-ended charge pump as 

30 shown in Fig. 15 injects bidirectional pulses of current 
into the oscillator 20 as commandedby the INC and DEC 
signals. Current sources FET 248, 246, 250 and 252 
generate one of three different levels of current depend- 
ing on the states of inputs VEO and VE1 . Current in the 

35 increment side of the pump passes through switch FET 
232 and FET 326 to current mirror FETs 260 and 280, 
sourcing current to the oscillator 20. Current in the dec- 
rement side of the pump passes through switch FET 240, 
241 to cun-ent mirror FET 264 and FET 268, and then 

^0 through mirror FET 290, 286, sinking current from the 
current controlled oscillator Constant currents from FET 
274 and FET 278 are added to the current mirrors, im- 
proving response time while causing no net output cur- 
rent. Cascode devices FET 262, 266, 270, 282, 272, 230, 

45 234, 276, 238, 242, 288. 284 improve response time and 
increase current source output Impedance. 

Hence charge pump 1 6 acts to either increase or de- 
crease the current supplied to the oscillator 20 the output 
frequency of which is a function of the input current. As 

50 described previously, the charge pump 16 is used in 
place of a resister in the filter loop 18, which use of a 
resistor is common prior art practice. Hence, the same 
result is achieved without the need of space-consuming 
resistors in the loop fitter 16. 

ss 

Current Controlled Oscillator 

The current controlled oscillator 20 outputs a differ- 
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entlal signal, the frequency of which varies with the mag- 
nitude of the input current. The oscillator 20 uses FETs 
as the load elements, which thus allows the resistance 
\o vary as the current varies. By varying the resistance 
with varying current, it is possible to maintain a relatively 
constant voltage across the differential pair loads and 
thereby extend the operating range of current controlled 
oscillation. This can be appreciated by reference to Fig. 
16, which shows; at a high level, the general structure of 
a current controlled oscillator. 

The oscillator 20 includes a series of differential 
pairs of FETs 300. 302 and 304, which constitute a ring 
oscillator. FET pairs 300, 302 and 304 have a load 306, 
308 and 310, respectively, thereacross. (Point 1 on FET 
pair 300 is connected to point 1 on FET pair 306, and 
point 2 on FET pair 300 is connected to point 2 on FET 
pair 306.) Current to the oscillator input I Is supplied from 
voltage to current converter 22. It will be appreciated that 
the voltage drop across the differential pairs load varies 
as a function of the value of current and value of the re- 
sistance of the loads 306, 308 and 310, i.e., according 
to the basic equation, V= IR. Thus, if the current I varies, 
and the resistance R remains the same, the output volt- 
age will vary as a function of the current This will narrow 
the operating range of the oscillator 20. However, if the 
resistance of the loads 306, 306 and 310 vary inversely 
with respect to the current, the voltage will remain es- 
sentially constant. Vy/hile three stages of FET pairs 300, 
302, 304, are shown and are used in the illustrated em- 
bodiment, a different number, e g., four or more or even 
two states could be used to form the ring oscillator The 
circuit of the oscillator 20, including that which provides 
for variability of the resistance of loads 306. 30B and 31 0, 
is shown in Fig. 17. 

As can be seen in Fig. 17, the three differential FET 
pairs 300, 302 and 304 each are comprised of a pair of 
FETs 312, 314; 316, 318; and 320, 322. respectively. In 
order to provide a stable current, three current sources 
324, 326 and 328, are provided which are comprised of 
FET pairs 330, 332; 334. 336; and 338, 340, respectively, 
and connected in circuit relationship with the FETs of the 
three differential FET pairs 300, 302 and 304, respec- 
tively. The load 306 is comprised of FETs 342, 344, 346 
and 348 connected to differential FET pair 300 as shown. 
Similarly, load 308 Is comprised of FETs 350, 352, 354 
and 356 connected to differential FET pair 302; and load 
310 is comprised of FETs 358, 360, 362 and 364 con- 
nected to differential pair 304. 

FETs 366, 368, 370, 372 and 374 are connected to 
the input current I/O from voltage to current converter 22, 
and the charge pump 1 6 as the current input. The current 
from biasing circuit provides operating current for the 
FETs. 

As indicated above, the differential pairs 300, 302 
and 304 output a current, the frequency of which varies 
with variation in input current in a well-known manner. 
Moreover, the output voltage is maintained constant by 
varying the resistance of each of the loads 306. 308 and 
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310 inversely with respect to the cui^rent variation. This 
variation in the load resistance accomplishes this in the 
following way input current is forced into the cascoded 
first current mirror that consists of NFETS 366 and 368. 
5 The current is min*ored from the primary current mirror 
into the secondary current mirror that consists of NFETs 
370 and 372. The second current mirror forces the cur- 
rent into the diode connected PFET 374. This PFET 374 
provides the variable control voltage for the variable 
10 loads. When input current increases, the voltage drop 
across FET 334 increases and load resistance decreas- 
es. When input current decreases, the voltage across 
FET 374 decreases and load resistance increases. Each 
load is comprised of variable resistance PFETs 344. 348, 
15 352. 356. 360. 362 and diode connected PFETs 342, 
348, 350, 356. 358 and 364. Diode connected PFETs im- 
prove the load linearly and limit voltage swing across the 
load. The variable resistors changes resistance inverse- 
ly proportional to the change in current and thus increas- 
es operational range of the oscillator 20. 

Lock indicator 

The lock indicator 44 provides a signal indicating the 
PLL is in the phase locked condition. Such condition is 
necessary for the system designer to know or to be able 
to determine so that the circuits that need the output 
clock signal will operate only in the phase looked condi- 
tion. Moreover, in detecting the locked condition it is nec- 
essary for the lock indicator not to be sensitive to timing, 
as well as correction pulses from the charge pumps 14, 
and 16. Additionally it is desirable that the lock indicator 
be Input frequency independent, and not employ a timer 
since the locked characteristics may have different time 
values for different frequencies, and many prior art lock 
indicators are time dependent and do not account for dif- 
ferent parameters at different frequencies. 

The lock indicator 44 relies on the reference clock, 
and the output signals of the phase/frequency detector 
lOtodetemriine If the PLL is in Its phase locked condition. 
Briefly, the lock indicator functions by generating a reset 
signal if the difference in the width of the increment puls- 
es and the decrement pulses outputted from the 
phase/frequency detector 1 0 is greater than a given val- 
ue V. The number of pulses from the reference clock are 
counted and if no output pulses from the phase/trequen- 
cy detector 10 have a value greater than v for a given 
number n of input pulses e.g. sixteen of the reference 
clock, then the lock indicator 44 indicates the PLL is in 
the phase locked condition. Once in the tocked condition, 
the lock indicator 44 will remain in the locked condition 
until a number of pulses having a value greater than v 
occur within a given number m of pulses of the reference 
clock. This number m is normally greater than the 
number n. When this happens the lock indicator 44 will 
give an output signal indicating the PLL is in the unlocked 
condition. The lock indicator will remain in the unlocked 
condition until no outputs having a width value greater 
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than V occur during the giver) number of pulses n of the 
reference clock, at which time the lock Indicator will again 
be dnven to the locked condition. The output of the lock 
indicator 44 is latched in the locked or unlocked condi- 
tion. 

The circuitry lor determining and latching the locked 

and unlocked condition is shown in Fig. 18. The refer- 
ence clock signal is inputted to a delay circuit 380 which 
includes a pair of NAND gates 382, 384 connected to an 
XOR gate 386. The output of XOR gate 386 is inputted 
tea series of seven inverters 387 which output a signal 
to lock counter 388 and to unlock counter 390. The pur- 
pose of the delay circuit is to introduce a delay in the 
reference clock signal to match the delay caused by the 
phase/frequency detector 10 when generating the incre- 
ment and decrennent signals. 

The lock counter 388, the structure of which will be 
described presently, counts 1 6 pulses and outputs a sig- 
nal after 16 pulses, unless It is reset before reaching 16 
pulses as will be described presently. The output from 
the lock counter 388 goes through a delay circuit 392 
and is inputted to latch 394. An input pulse to the latch 
394 from the lock counter latches the latch 394 to indi- 
cate the locked condition. 

The incrennent and decrement signals from the 
phase/frequency detector 10 are inputted to XOR gate 
398, the output of which is the difference in width of the 
INC and DEC pulses, and which output passes through 
a pair of inverters 400. The inverters 400 generate an 
output signal if and only if the difference in the widths of 
the increment and decrement pulses is greater than the 
given value v. The value of v depends on the values se> 
lected for the inverters 400; thus the amount of jitter tol- 
erance can be designed into the circuit by selection of 
these values. The output of the inverters 400 is inputted 
to OR gate 402, the output of which is used to reset lock 
counter 388. 

The output of lock counter 388 Is also inputted to OR 
gate 404 the output of which is used to reset unlock coun- 
ter 390. The unlock counter 390 counts 32 pulses, and 
if It has not been reset will generate an output pulse 
which will be gated through OR gate 406 to latch latch 
394 in the unlocked condition. 

The circuit operates in the following manner. When 
the reference clock inputs a signal, the signal passes 
through the delay circuit 380 and is impressed on both 
lock counter 388 and unlock counter 390. At this point 
the latch 394 is in the unlocked position. The lock counter 
388 starts counting pulses and If It is not reset, at the end 
of 16 pulses it will generate an output signal to latch 394 
in the locked position. At the same time that the reference 
clock is inputting a signal the phase/frequency detector 
10 Is inputting the increment INC and decrement DEC 
signals to XOR gate 398. If the difference in the width of 
these INC and DEC pulses is less than v, there will be 
no output from the inverters 400. If this no output condi- 
tion exists for 16 pulses then the lock counter 388 is not 
reset and latch 394 is latched Into the locked condition. 



If, however, at any time during the 16 pulse count by lock 
counter 388 a value of greater than v occurs between 
the width of the increment INC pulse and the decrement 
DEC pulse, the inverters 400 will output a signal to OR 
5 gate 402 which in turn will reset the lock counter 388 
which will start its count again. The counting, and reset- 
ting of the lock counter 388 will continue until 16 pulses 
are counted without a reset signal from the inverters 400. 
At this time the latch 394 will enter the locked condition. 
^0 After the latch is in the locked condition, to get out 
of the locked to the unlocked condition, it is necessary 
that the increment and decrement pulses have a value 
greater than v over a period more than 16 pulses at which 
time the latch 394 will latch to the unlocked condition. 
15 This occurs as follows. It will be remembered that the 
output Irom the delay circuit 380 is also Inputted to the 
unlock counter 390 which counts 32 pulses unless reset. 
After 32 pulses the unlock counter 390 outputs a signal 
to latch 394 In the unlocked condition. Assuming that the 
20 lock counter 388 has counted 1 6 pulses which produces 
an output signal, the output signal from the lock counter 
388 is passed through OR gate 404 and resets unlock 
counter 390, which again starts to count to 32. Thus no 
output signal is generated by unlock counter 390, and 
25 thus the latch remains in the locked condition. Next, as- 
sume that a single pulse is generated by the inverters 
400 indicating a width difference in the increment INC 
and decrement DEC pulses of more than v When this 
happens the lock counter 388 is reset before reaching 
30 its 16 pulse count so there will be no reset signal deliv- 
ered to the unlock counter and thus it will continue on its 
count of 32 pulses until it reaches the 32 count or Is reset. 
Assuming there are no further pulses generated by the 
inverters, when the lock counter 386 reaches the count 
35 of 1 6 pulses it willoutput the signal which will reset unlock 
counter 390. Thus the latch 394 will remain in the locked 
condition. If, however, the signals generated by the in- 
verters 400 extend for more than 16 clock pulses, the 
unlock counter 390 will not receive a reset signal before 
40 it reaches its 32 count and will thus generate a signal to 
the latch 394 to latch In the unlocked condition. This con- 
dition will continue until 1 6 pulses have been counted by 
the lock counter 388 which will then latch the latch 394 
in the locked condition. 
4S Thus it will be appreciated that the lock indicator of 
this circuit is relatively insensitive to clock jitter, since the 
PLL Will be placed in the unlocked condition responsive 
only to differences in the width of the increment and dec- 
rement pulses of greater than a value v which value al- 
50 lows for some jitter which will not affect the locked con- 
dition. Moreover, the PLL will not go to the unlocked con- 
dition responsive to a few intermittent pulses of a value 
greater than v due to the need to replenish the charge 
on the loop filter capacitor 18 while the PLL is still in the 
55 locked mode. Also the lock indicator Is responsive to in- 
put clock frequency and not time. Hence it is applicable 
over a wide range of frequencies with the same operating 
characteristics. 
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Referring now to Fig. 19, the structure of the lock 
counter 388 is shown. The circuit includes a series of five 
divide by 2 circuits 412 connected in series with four in- 
verters 414. Divide by 2 circuits are well known in the art 
and any such conventional cii-cuit can be used. Adding 
an additional divide by two circuit and inverter will give 
the structure of the 32 pulse count unlock counter 390. 

It should be understood that the values of 16 pulse 
counts for the lock counter 388 and 32 pulse counts for 
the unlock counter 390 are somewhat arbitrary and may 
be varied depending on the various parameters of the 
PLL circuit. For example an 8 pulse counter might be suf- 
ficient to account lor and accommodate extra charge 
pulses in some cases while in others 32 pulses for the 
lock counter 388 may be necessary. On the other hand 
a 64 pulse counter for the unlock counter 390 may be 
sufficient. Moreover the value of v can be adjusted or 
selected depending upon the jitter in the input signal by 
changing the device and sizes or values of inverters 400. 



Claims 

1 . A phase locked loop circuit comprising; 

a phaseArequency detector to compare the differ- 
ence in the phase/frequency of an input clock refer- 
ence signal with a circuit output signal and which 
provides as output increment and decrement 
pulses. 

a charge pump coupled to said phase/frequency 
detector. 

a loop filter capacitor coupled to said charge pump, 
said loop filter capacitor being coupled to provide 
current input to a current controlled oscillator, the 
output of said current controlled oscillator providing 
an output frequency responsive to the current input 
of the current controlled oscillator; 
said phase/frequency detector being characterized 
in that it comprises: 

a first input port for receiving a reference clock 
signal having a first frequency which is the locking 
frequency; 

a second input port for receiving the output 
from the clock distribution tree at a second fre- 
quency which IS greater than said first frequency, the 
phase of which is to be locked to said first frequency; 

a third input port for receiving the output signal 
from the current controlled oscillator at a second fre- 
quency substantially corresponding to said first fre- 
quency and out of phase therewith; 

a signal combining circuit for combining said 
signals received at said second and third input ports 
to produce a composite signal having a frequency 
corresponding to the frequency of said third signal 
and a phase corresponding to the phase of said sec- 
ond signal; 

and an output circuit in circuit relationship with 
said first port and said signal combining circuit for 
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outputting increment and decrement pulses having 
widths corresponding to the phase diflerence of said 
composite signal and said reference signal. 

5 2. The phase locked loop circuit according to Claim 1 , 
wherein a frequency divider is in circuit relationship 
with the output of the current controlled oscillator 
and said third port to provide the signal of said sec- 
ond frequency. 

70 

3. The phase locked loop circuit according to Claim 1 
or 2, wherein said frequency divider provides a sig- 
nal of a frequency equivalent to the frequency of the 
reference clock signal. 

4. The phase locked loop circuit according to any of 
Claims 1 to 3, wherein said signal combining circuit 
includes gates to cause the signal from the current 
controlled oscillator to mask portions of the signal 

20 from the clock distributor tree to provide the signal 
of the divided frequency. 

5. A circuit according to any of Claims 1 to 4 further 
characterized by a delay circuit configured to pro- 

2S vide given width increments to each of said incre- 
ment and decrement pulses, irrespective of the 
phase difference of said composite signal and said 
reference clock signal. 

30 6. In a phase locked loop circuit having a phase/fre- 
quency detector which receives as input reference 
clock signals and a circuit output signal, and which 
compares the phase/frequency of input clock sig- 
nals to the circuit output signal, and which phase/fre- 

3S quency detector outputs increment and decrement 
pulses of widths of which are responsive to a differ- 
ence in the phases of the reference clock signal and 
the circuit output signal as increment and decrement 
pulses. 

40 a method of providing the increment and decrement 
pulses from said phase/frequency detector compris- 
ing the step of: 

generating said increment and decrement 
pulses each with predetermined equal incremental 

4S value of said widths, irrespective of the phase differ- 
ence of the input signals. 

7. The method of Claim 6 wherein said generating step 
further comprising the step of: 

so providing said circuit output signal as a first signal 
component having a first frequency corresponding 
to the frequency of the input clock signal and a sec- 
ond component having a second frequency corre- 
sponding to the phase of the input clock signal, and 

55 combining said first and second components to pro- 
vide a signal corresponding to the frequency and 
phase of the reference clock. 
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8. The method as defined in Claim 6 or 7, including the 
step of introducing an incremental value of a given 
width to each increment and decrement pulse, irre- 
spective of the phase difference in said signals. 
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(54) Phase detector with no dead zone 



(57) A phase locked loop circuit includes a 
phase/frequency detector which uses a divider circuit 
and feedback from a clock distribution tree to generate 
INC and DEC pulses which have no "dead zone". A pair 
of charge punnps receives the INC and DEC pulses. One 
charge pump is a differential pump and has voltage con- 
trolled common mode feedback circuit to maintain a 
common mode controlled voltage. A differential current 
is outputted to a loop filter capacitor by this charge 
pump. The other charge pump is a single-ended output 
pump which supplies current to a current controlled os- 
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cillator which also receives input from a voltage to cur- 
rent converter. The current controlled oscillator includes 
a variable resistance load which varies inversely with 
the magnitude o1 the input current. A jitter control circuit 
is provided which reduces jitter in the current controlled 
oscillator output in the locked phase. Also, a lock Indi- 
cator is provided which is time independent, and pro- 
vides a lock indicatbn when the loop enters tlie locked 
condition. The circuits for these components are de- 
scribed in detail. 
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